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Abstract 
Alternative material is being developed to manufacture rotating bands, in order to solve tribological problems associated with 
OFHC copper bands.  Tests were performed on polyamide composites to determine mechanical properties, friction, wear and 
deformation at various speeds, and fire and flame resistance. Experimental results indicate that PA66 reinforced with 2% GF, 1% 
MoS2 as self-lubricating additive, and 0.7% Mica platelets as flame retardant appears to be the ideal compromise composite 
material to ensure a combination of strength,  wear and  heat resistance, as well as structural integrity during use. 
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1. Introduction 
   A driving band or rotating band (RB) (Fig. 1) is an integral part of a projectile that serves to:  
x assist in centering the projectile in the barrel bore  
x create proper resistance to initial motion which allows a uniform pressure rise that causes regular propellant 
burning and regular muzzle velocity 
x provide obturation by trapping propellant gases and preventing their escape forward past the projectile 
x engage with the rifling (series of twisted grooves) of the gun barrel thus imparting spin to the projectile as it 
moves inside the barrel and in its free flight for stabilization    
x hold the projectile in its proper position after loading and ramming, thus preventing slip-back when the gun is 
elevated.  
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Fig. 1.   RB on a projectile 
 
   Considering the projectile and gun barrel as a tribological system, it can be stated that RB considerably affects the 
barrel integrity and life.  This, in turn, greatly influences the muzzle velocity, range, and accuracy. During firing, the 
gun bore is subjected to erosion wear. This is primarily due to: 
x chemical action of the hot gases rushing across the hot surface of the bore 
x hot gases that possibly escape around the RB, which act as high-velocity jets impacting the bore surface 
x thermal fatigue of the bore which eventually leads to minute surface cracks rapid  
 
   An important secondary reason exists which is related to the abrasive action of the RB. As it engraves into the 
lands and grooves of the barrel bore, friction is developed that wears out the outside surface of the RB. These wear 
particles are naturally deposited on the bore surface, together with any burnt propellant residues that are mixed with 
the expanding gases. This calls for frequent  cleaning of the barrel to remove all such debris, otherwise further 
pitting and erosion will take place.  
 
   Based on the previous background, the RB material must possess some particular physical and mechanical 
properties that the can be summarized as follows: 
x must be permanently clamped to the projectile body  
x must plastically deform and flow under pressure without being disintegrated from the projectile 
x must not cause abrasive wear on the bore surface 
x must not corrode during its shelf life 
x must not form oxides that could damage the projectile or the barrel bore 
  
   Rotating bands have been originally made of pure soft copper.  As stated above, at high rates of fire and high 
muzzle velocities, this leads to copper wear particles adhering to the barrel bore surface (termed “coppering”) and, 
due to necessary frequent cleaning (termed “de-coppering”), to the erosive wear of the barrel steel bore.  Searching 
for alternative materials to increase strength and reduce coppering has led to the use of: gilding metal (90% copper, 
10%  zinc), brass, iron, and plastic (neoprene and nylon)  [1-4]. 
 
   In this work, Polyamide type 66 (PA66) is being used to manufacture the RB, in order to minimize wear rates and 
hence increase barrel life. To enhance the properties of PA66 in terms of strength, wear resistance, and flame 
reduction, reinforcements and additives are considered. The adopted test scheme consists of 4 stages (Fig. 2). Stage 
1 is concerned with glass fiber (GF) reinforcement with the main criterion being the ability of the RB to withstand 
the needed dynamic strain for deformation by the forcing cone of the barrel; results of this stage have been reported 
elsewhere [5]. Stage 2 is concerned with the testing of three self-lubricating materials, namely: molybdenum 
disulfide (MoS2), graphite, and Teflon powders at different percentages, as additives; main criterion is the ability to 
withstand the needed dynamic strain in addition to the lowest friction effect on the barrel bore. Stage 3 is concerned 
with the addition of mica platelets as a suitable heat retardant. Stage 4 is concerned with field firing tests. Only the 
results of the second and third stages are reported here.  
2. Experimental work 
2.1. Materials 
 
   Two types of resin were used [5], namely: (a) Polyamide 66 resin of natural color and for general use, acquired in 
the form of grain from BASF Company.  The commercial name of this material is "ULTRAMIT A-5", and (b) Short 
GF reinforced PA66, acquired also from BASF.  The GF content is 25 % of E-type glass randomly oriented in the 
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resin.  The commercial name is "ULTRAMIT A3 EG6". Also, various types of additives were considered as 
follows: 
x Molybdenum disulfide (MoS2) powder, produced by B.D.H. in the UK, of grain size below 25 microns 
x Graphite powder, having the size of 150 microns 
x Teflon (PTFE) powder, having the grain size of 2 to 20 microns, produced by DuPont USA under the 
commercial name Ultrafine powder type MP-1000 
x Mica platelets prepared by milling mica plates acquired locally, then sieving to assure platelets dimensions 
within 0.175 to 0.200 mm
 
2.2. Specimens 
 
   The RB was molded in place around the projectile body by melt extrusion in a specially designed and constructed 
laboratory screw extruder. This extruder was also used to fabricate various specimens from RB material to 
determine its mechanical properties [5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Full scheme adopted to develop the new reinforced Polyamide                       Fig. 3. Test rig used for the dynamic friction, wear,                 
and rotating band, consisting of 4 phases.                                                                      deformation test. 
                                                                                                                                                        
2.3. Test rig for measuring the friction, wear and deformation of a RB at high sliding speeds 
 
   A test rig was specially designed and constructed in order to simulate the severe conditions the RB suffers during 
service (Fig.3), consisting of a falling weight used to drive the projectile into an actual portion of a real barrel. The 
RB deforms when going through the forcing cone of the barrel, and then slides over the remaining part of the barrel 
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until it is finally pulled out. The system allows a maximum falling height of four meters, corresponding to a striking 
velocity of 8.9 m/s. The applied pressure at striking was estimated at 5 MPa.  The friction force is detected by a 
compression load cell, and its output recorded by a storage oscilloscope triggered externally by a pulse generator.  
Traces were properly calibrated on a universal testing machine. Also, the wear of the RB was expressed by 
recording the dimensional changes after exiting the barrel. 
 
2.4. Mechanical properties testing 
 
   Tensile and compressive tests were conducted according to ASTM-D-1708 [6] and ASTM-D-695 [7], at 23oC 
and at 1-1.3 mm/min and 1 mm/min, respectively. Five specimens were tested for each sample. The true stress- 
true strain curves were deduced for each specimen from the load-displacement traces obtained on an X-Y 
recorder. The following data were calculated: (a) strength at yield and at break; (b) Modulus of elasticity; (c) 
Strain at yield and at break. 
 
2.5. Fire resistance and flame resistance tests 
 
   The standard test method for flammability of self supporting plastics ASTM D635-74 [8] is used. The aim was to 
measure the change in flammability rating during use.  Test specimens were made by direct molding and were 
subjected to Bunsen burner with nominal 10 mm barrel and laboratory gas supply for 30 s.  The average extent of 
burning was measured.   
3. Results and discussion for self-lubricating additives (Phase 2) 
3.1 Compression test results 
Figure 4 shows that the use of 1% MoS2 provides the highest ultimate compressive strength, strain at fracture and 
modulus of elasticity of the PA66 reinforced with 2% GF.  However, the final choice of the best additive and its 
percentage will depend to a greater extent on the ability of the RB to be deformed plastically and on the 
improvement in its wear resistance and friction coefficient in order to realize the best sealing effect and the least 
wear on the barrel bore. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                 Fig. 4.  Effect of self-lubricating material percentage on compressive properties. 
 
3.2 High-sliding speed friction, wear, and deformation test results 
 
   This was conducted at the sliding speed of 8.9 m/s, for the three self-lubricating materials MoS2, PTFE, and 
graphite added in 1, 2, and 3% to 2% GF reinforced PA66.  Figure 5 shows a typical trace from such a test, which 
resembles the trace obtained during an extrusion process.  From this trace, three parameters can be measured, 
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namely: the maximum (Fmax) and steady-state force (Fss) reached during sliding, and the slope of the initial part of 
the curve (K).  
 
 
 
 
 
 
 
Fig. 5. Typical test trace of the high sliding speed friction, wear, and deformation test at 8.9 m/s, for 2% GF reinforced PA66, added with 1% 
MoS2. 
 
   Figure 6 show the changes of Fmax and Fss as affected by 1, 2, and 3% of different self-lubricating additives. By 
adding any of the three materials, the resisting forces decrease in general, but by a greater amount when MoS2 is 
used.  
 
   The coefficients of friction (μ) at these testing conditions were calculated for different contents of the three 
materials.  μ generally decreases from 0.22 at 0% additive to about 0.19 for 1% MoS2 and 1% PTFE, and to 0.17 for 
1% Graphite.  It further decreases to 0.15 by using 2% of all additives.  μ does not change any further when 3% 
PTFE is used, but decreases slightly to 0.145 for 3% MoS2 and graphite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                   
Fig. 6. Changes in Fmax and Fss as affected by 1, 2, and 3% of different self-lubricating additives. 
 
   The RB dimensions in all specimens were recorded before and after high-speed sliding, at the front and at the rear 
ends of the projectile.  At each location, dimensions were taken of diameters of the land and groove engraved on the 
RB during its sliding over the barrel rifling. The following observations were made:  
For MoS2: (a) The wear of the front land increases when adding more than 1%, while the rear land increase in 
dimensions is greatest by adding 1%; (b) For the front groove, minimum wear occurs at 1%, while the rear groove 
increase in dimensions is greatest at 1% ; (c) All specimens flowed easily; none was found broken after the test. 
For PTFE: (a) The wear of the front land is not affected by the PTFE percentage, while the rear land increase in 
dimensions is greatest by adding 1%; (b) For the front groove, small wear improvement is exhibited as compared to 
MoS2, while the rear groove continuously increases in dimensions; (c) Specimens with 3% PTFE were found broken 
after the test. 
For Graphite: (a) The wear of the front land and groove increase with graphite content; (b) The rear land and groove 
continuously increase in dimensions; (c) Specimens with 2 and 3% graphite were found broken after the test. 
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4.  Results and discussion for mica platelets (Phase 3) 
4.1 Compression test results 
   Figure 7 shows that with the increase in mica platelets content, the modulus of elasticity, the yield strength, and 
the yield strain slightly decrease, while the ultimate strength and total strain to fracture increase. 
4.2 High-sliding speed friction, wear, and deformation test results 
 
   From traces similar to that shown in Fig. 5, values of Fmax and Fss were measured and plotted in Fig. 8(a) as 
function of mica platelets content, while Fig. 8(b) shows the effect on the calculated coefficients of friction. Finally, 
the changes in the RB dimensions are shown in Fig. 8(c). 
 
4.3 Fire resistance and flame retardance test 
 
   On 6 specimens, results obtained for the extent of burning l (mm) are: PA66: l = 17 mm; PA66 + 2% GF: l = 14 
mm; PA 66 + 2% GF + 1% MoS2: l = 12 mm; PA66 + 2% GF + 1% MoS2 + 0.35% Mica platelets: l = 11.3 mm; 
PA66 + 2% GF + 1% MoS2 + 0.7% Mica platelets: l = 10 mm; and PA66 + 2% GF + 1% MoS2 + 1.05% Mica 
platelets: l = 11.5 mm. Thus, GF and 1% MoS2 increase the heat resistivity of PA66.  The best result is obtained by 
further adding 0.7%  mica platelets.  
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                       Fig. 7. Effects of mica platelets added to PA66 + 2% GF + 1% MoS2, on compressive properties. 
 
 
 
 
 
 
 
 
 
 
 
 
                  
                                            (a)                              (b)                                                              (c) 
Fig. 8. Effects of mica platelets added to PA66 + 2% GF + 1% MoS2, on: (a) Resisting forces, (b) Coefficient of friction, (c) changes in RB 
dimensions.  
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5. Conclusions 
 
   Experimental work was conducted on Polyamide type 66 (PA66) reinforced with 2% short glass fibers, as a 
candidate material for the RB, in order to determine the best self-lubricating additive and the best percentage of 
mica platelet for heat retardance.  Various tests were used in the assessment process, including mechanical 
properties determination, friction, wear and deformation at low and high sliding speeds, fire and flame resistance, 
and dimensional change measurements. 
   Results indicate that PA 66 reinforced with 2% GF + 1% MoS2 + 0.7% Mica platelets appears, for the present test 
conditions, to be the ideal compromise composite material for the RB fabrication to ensure a combination of 
strength,  wear and  heat resistance, as well as structural integrity during use. 
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